between the two types of cases on the notification form. The general incidence of the disease at school is low. In the five-year period 1929-34, into which the Medical Research Council has been carrying out an investigation of illness in public schools in an average population of 10,270 boys and 3,503 girls, there have only been five cases, two at one school in 1932 and one definite and two probable cases in another [2] . The next table (Table II) shows the result of a questionnaire by the Medical Officers of Schools Association in 1932; this extends over a period of twenty years and 51 replies were received from 104 schools [3] . 10,000 [13] [14] [15] [16] [17] [18] [19] No cases in 11 32 cases in 19
Analysis of the 32 cases. Year These statistics may help to fortify those who have not had an epidemic, but they are cold comfort to medical officers who have had to cope with an actual outbreak. A questionnaire is never the best, though it is sometimes the only means of getting information. This one had two defects: Firstly, the Broadstairs schools which .had been the subject of a recent epidemic were not included, although several of the medical officers to these schools were members of the Association; secondly, records in some schools were not sufficiently well kept to give the correct information. This at least refers to one school, where the medical officer in 1931 stated, in perfectly good faith, that there had been no cases in the last twenty years. He was proved to be incorrect, and my thanks are due to one of the victims 'for his help in tracing the history.
The following epidemic occurred at Bradfield College, Berks, in 1918. I am indebted to Dr. F. A. Brodribb, who was then Medical Officer to the School, for this account, and to the present Headmaster for permission to publish it.
Influenza which raged over Europe in 1918 was of the'utmost severity in Bradfield, the first case occurring in the village on October 14, 1918. It reached the College about the first week in November, and the Medical Officer himself was in bed with it on Armistice Day. On his return to work on November 14 he found that influenza was making rapid strides and that no fewer than seven boys had poliomyelitis. It had been impossible to get a locum.tenens and these cases had occurred in five days. No one, therefore, observed the cases in the first few days. He believed they all came together and none occurred afterwards, although in a week the whole school went down with influenza.
The seven boys were from 14 to 17 years of age. The youngest had it badly in one arm, two had a very severe attack affecting the trunk muscles and the quadriceps extensor and anterior tibial group: 'one of these had a pneumothorax. A fourth had the small muscles of the hand and the deltoid affected, and details of the others are not remembered.
The following term an eighth boy was brought to the notice of the Medical Officer, with a slight weakness of the extensors of one hand.
These cases were not confined to one house or one dormitory or classroom. They were seen by Sir Thomas Horder and by Dr. Turney, who concurred in the diagnosis.
The recent outbreaks at Wellington and Felsted both warrant the term " epidemic." I have collected from the literature twelve other outbreaks in schools and colleges, but I will only quote four of these in detail.
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The Sevenoaks epidemic.-Apart from the Broadstairs epidemic, this was the first to be reported as occurring in a residential school. In May-June 1929, over a period of seven weeks, 15 individuals were attacked out of a total of 75. The school was a co-educational one situated a quarter of a mile from a small country village and standing in its own grounds. There were 11 teachers, 56 pupils, and 8 domestic staff. There was no other illness in the school at this time. Pharyngitis occurred in every case. This feature contrasted sharply with the other protean symptoms.
Description of the epidemic: The school term commenced on May 8. The following day a boy of 8 developed an abortive attack. It was thought that customers stopping at his father's garage were responsible for the infection. On the first night of his illness he and a boy aged 12, suffering from burns, slept in the sick room in beds 4 ft. apart. On May 16 the older boy was attacked by polio-encephalitis with left facial paralysis. On the first night of term the younger boy had slept in a bed 1 ft. away from a boy aged 8 , who developed an abortive attack on May 17, and during the first two days of term at meals he sat next to a mistress aged 26, wrho developed an abortive attack on May 17. She did not report sick. This mistress shared a room and spent most of her time with another mistress who was taken ill on June 10, and had an abortive attack with spinal stiffness as the chief manifestation.
A girl aged 8, taken ill on June 9, developed a severe attack which ended fatally. She was isolated on that day. Next to her sat a girl of 81, who developed prodromal symptoms on June 13 and a palatal weakness on June 16.
Contact infection was not traceable in the remainder, but the fact that a mistress who had an abortive attack was at wAork for from five to six w%eeks, leaves no doubt that there was plenty of opportunity for it. In all, 15 cases occurred, with one fatality. Eight of these were abortive and seven showed involvement of the central nervous system, in which term is included meningitic irritation. The diagnosis in some cases wNas undoubtedly questionable on clinical grounds, but it was confirmed by the neutralization test on inonkeys in several of the abortive cases and in some of the close contacts. No case occurred among the house boys. There Wlas one other case in the dlistrict at this time, but no connexion could be traced.
Outblreak in a residential school. In a residential school of 88 boys from 10-18, six weeks after the commencement of terms, 11 boys were suddenly taken ill between June 10-20, 1933 [5] . Five were completely cured in two to six days, two after a longer period, and four were attacked with paralysis, one of whom died after a fourdays' illness. The community was practically isolated an(d there was no other disease before or after the outbreak. The chief contact seems to have been at meals, cases 1 and 2; also cases 3 and 11, sitting next each other cases 3 and 7 diagonally opposite; only one boy separated cases 6 and 9 and also 5 and 8; and two boys separated cases 2 and 4 and also 4 and 10.
No serum was used. Two were 11, two 12 ; two 13; three 14 : and two 15 years of age. All hadl paralysis at the same time.
E. C. Rosenow [6] described an epidemic which occurred at a college attended by 479 men and 448 women. Seven to ten days before the epidemic there were many cases of nasopharyngitis characterized by moderate hyperaemia of the throat, often associated wvith loosely adherent greyish phlegm in the pharynx, which was not present when these patients were examined six to eight months later. Associated with the pharyngitis were unusual types of headaches, girdle pains in the lower part of back and in the thorax, stiffness and pain in the neck or in one or more extremity. Fever was usually absent.
This was followed between October 25 and 30, 1930, by eight cases of poliomyelitis. Two of these died, three more had paralysis and three, diagnosed in the preparalytic stage by lumbar puncture, aborted. The exact dates are not given. Three were freshmen, four were sophomores, and one was a senior. Infection by contact could not be proved and the evidence produced strongly points to the unpasteurized milk as being the source of infection. The author expounds the "poliomyelitic streptococcal " aetiology of the disease, a view which is not generally accepted.
T'he Brcad8tairs epidemic is the largest on record affecting a school population [7] .
In 1926, 74 cases were diagnosed, 62 notified, and there were seven deaths. The next tables (III and IN") will show very briefly the attack rate upon different schools.
TABLE III (GROUP I).
A. The first school attacked contained 73 boarders. 12 were attacked. All had paralysis and two died.
B. 21 boarders. Fixve cases (all paralytic). C. 21 day boys, three boarders. Three cases among day boys (one fatal); also brother-in-law of Headmaster. D. 28 boarders. One abortive, one paralytic case, on same day. 'l'he second -roup were chiefly day pupils. E. 25 boarders, 18 day boys. October11I two cases (boarders), one paralytic, one abortive.
A younger brother of a (lay boy attacked.
October 16. This school attended the same church as B, F, H.
H. In the school itself, five paralytic and one abortive cases. I. One abortive, two paralytic cases.
In a public elementary school fouir paralytic cases (t)o of these were sisters and a third had contact).
One of the others, which attended a different school, was fatal. Its quick cessation and its failure to spread to elementary schools were epidemiological features.
Cases occurred principally in two groups and show definitely the seriousness of the disease. The attack rate here and at Sevenoaks was extremely high and makes us take a more serious view of an epidemic occurring in a young community such as proprietary schools. I presume that the panic caused in the lay mind is due chiefly to the fact that we have no active or passive immunological measures and that we do not know many of the other facts about the life-history of the virus.
ACTIVE IMMUTNITY.
Brodie and Park [8] have summarized a large series of experiments in which they inoculated children with a virus inactivated with formalin. They showed that a large number of children developed antibodies in a short time. Kolmer [9] used a vaccine inactivated with sodium ricinoleate and found that 80 to 90% of 400 children vaccinated produced antibodies comparable with those found after a natural attack of poliomyelitis. Both authors mentioned the risks of minor local reactions, but neither mentioned constitutional upsets. Nevertheless, J. P. Leake [10] , who is Medical Director of the United States Public Health Service, records 12 cases, all of whom were given vaccine and developed poliomyelitis. The paralysis usually started a few days, six to fourteen, after either the first or second dose of vaccine. Six were fatal and the remainder had paralysis. Poliomyelitis was not epidemic in any of the localities where these cases occurred, and the likelihood that all were the result of natural infection is highly 29 Section of Epidemiology and State Medicine 427 remote. Moreover, the fact that the level of the spinal cord first attacked correspon(led to the extremity in which the injection was made, paralysis occurring in that or in the contralateral limb, lends further support to the aetiological role of the vaccine. The author does not mention what methods of attenuation were used, except that he states " The two different forms of treatment to which the virus was subjected were intended to render it innocuous when thus used as a vaccine TREATMENT I do not propose to discuss the serum treatment of the established or the preparalytic cases. I think the general consensus of opinion is against its value, but I do propose to say a few words about the possibility of the prophylactic use of convalescent serum among contacts.
In 1928 H. Davide [11] reported that in a small epidemic in a scantily populated Swedish district, 73 were given prophylactic serum and 84 were not. He took particular pains that the two series should be as nearly identical as possible, all under 25 years. He had great difficulty in explaining why he wished to inject only half the family, but he was successful in doing so. 5 c.c. of serum obtained from a convalescent on the tenth day after the disappearance of the fever was given intramuscularly. One of the 73 injected and 14 of the 84 non-injected developed anterior poliornyelitis. It was certain that the one failure who was given serum was already affected at the time of inoculation.
This type of experiment was repeated on a larger scale at the Los Angeles County Hospital in 1934 [12] . Table V shows the extent of the epidemic. Prophylactic serum was given to all who elected to have it, in doses of 20 c.c. of either convalescentpooled or normal-pooled serum, and it was recommended that this or larger doses should be repeated every two weeks. Table VI shows that those who received serum were attacked much more often than those who did not receive serum.
One explanation which has been brought forward is that those who were most likely to apply for serum were subject to the greatest exposure. There was some evidence to show that those receiving serum prophylactically developed less paralysis. I think all we can say is that the question of serum prophylactically is still sub judice. Nasal spraying. Sabin and his co-workers have shown that repeated spraying of the nose in monkeys with astringent solutions protects them against poliomyelitis introduced by this route [13] . Small experiments have been carried out on human beings with far less satisfactory results, but as possibly this technique may be perfected, it is imnportant to consider the portal of entry of the poliomyelitis virus.
It is now admitted that poliomyelitis and polio-encephalitis are the same disease. It is interesting to speculate why it is usually children over 5 who are attacked with polio-encephalitis, and children under 5 and adults who are attacked with poliomyelitis. Sir Arthur MacNalty very hesitatingly drew the inference that the older brain, more exercised than that of the younger child under the stress of modern education, is more prone to be attacked than the spinal cord [14] . I have been struck by the association of pharyngitis and polio-encephalitis, and it seems very reasonable that the virus gains entrance via the tonsillar nerves. The tonsil has a plentiful nerve supply, partly from the lesser palatine nerves, which are branches of the maxillary division of the 5th through the sphenopalatine ganglion; partly from the glossopharyngeal nerve, i.e. the 9th. Virus tracking along these nerves would reach that part of the brain which is usually attacked in polio-
encephalitis.
It is therefore reasonable to assume that astringent treatment to the nose would have no effect upon cases arising subsequent to a tonsillitis. SCHOOL CLOSURE I now come to the most debatable part of this problem-the policy of school closure.
We have in all fairness to inform parents when the first case of poliomyelitis occurs. We have to tell them that we have no specific treatment; that active immunity is fraught with risk; that passive immunity is of questionable value; and that the local treatment to the throat is of doubtful worth. At the same time, we can tell them that isolated cases are extremely common; that epidemics, though alarming when they do occur, are nevertheless rare. On the appearance of the first case I believe we are justified in saying that our advice is to leave children at school. If a second case a-rises, then parents should be immediately notified of this and given the chance of removing their children.
In the past the parents have not taken sufficient trouble to prevent their children from mixing with other children. We have no very certain evidence how many children become carriers, or indeed what proportion of abortive cases there are to paralytic cases. In these connexions it is well to remember the work of Paul and Trask, who showed that in 222 families from which a frank case of anterior poliomyelitis had come, 4000 of the patients' siblings under 15 years of age developed minor illnesses contemporaneously with the appearance of anterior poliomyelitis, compared with a 10% incidence in controlled families. Twelve attempts Nere made to isolate the virus by inoculations in monkeys from the throats of patients with characteristic minor illnesses, and two of these were successful [15] .
Dr. Lambert will shortly tell you that though there were only five cases Ctt Wellington in the recent epidemic, there was a far larger number than this who developed it in the holidays.
I should like to make it a definite rule that if parents remove their children frolm school for poliomyelitis, they should quarantine them for the recognized period of fourteen days from the last contact. Dr. G. 0. Barber (Medical Officer to Felsted School): When acute anterior poliomyelitis appears in a boarding school, there are the following urgent problems to be solved at once. There may be that of (1) publicity; the speaker was unfortunate in that the particular epidemic in which his school was involved arose at the beginning of the " silly season ", with the result that as a headline "Infantile Paralysis at a Public School" competed with headlines relating to the international situation. Parents were alarmed by the terrifying accounts in the newspapers, and the school authorities had to be reassuring, and at the same time avoid the accusation later of having hidden or belittled the danger.
Further, one must consider: (2) The treatment of the actual cases. These, then, were the problems which arose in the recent epidemic in Essex last July. At Felsted School, four boys in the same house were affected at the same time. Actually no further cases occurred in the school. The treatment of the cases themselves presents no. great difference in a boarding school from anywhere else.
With regard to the possible sources of infection, this was dealt with in an article in the British Medical Journal of December 3, 1938 December 3, (p. 1137 . The simultaneous occurrence of the only four cases in a house with separate feeding arrangements, and the lack of subsequent spread, suggested food as a carrier, and a definite connexion was traced between the other cases in Essex, by means of fresh fruit supplied to this house only. The theory of spread which is at present accepted is that of carriers and droplet infection, but under modern conditions of rapid transport, buses, cinemas, crowding, and wide scattering, it always is easy to find a common factor between widely separated cases, but at the same time there are innumerable persons in contact with the supposed carrier who must be immune. Such a very high proportion of immunes during one summer should prevent a further outbreak next year, yet the disease makes an unfailing reappearance with the next year's fine weather, and increased consumption of fresh garden produce.
However, the orthodox view was, of course, adopted in dealing with the epidemic, and the following steps were therefore taken in accordance with the principles in the code of procedure drawn up by the Ministry of Health: " In regard to closure of residential schools the policy of advantage is in favour of not closing the schools on the appearance of poliomyelitis. If the school be closed any potontial infection may be more widely distributed, not infrequently in homes containing yoling children."
Two circulars were sent out, the first to the parents of boys in the affected house, stating the fact of the outbreak and the general features of the epidemiology; advising the strict isolation of all boys in the house, either at Felsted, or if really adequate provision were possible at home, as giving the boy himself less chance of further infection. It was emphasized that the boy must be fetched by car, and the health authorities in his neighbourhood informed of his being in their district. The school was prepared to keep all boys where adequate isolation could not be provided although this meant keeping them well into the summer holidays.
The second circular letter to parents of boys in unaffected houses was on the same lines, but rather more reassuring.
It is very desirable that some standard code of procedure be universally adopted by boarding schools in such outbreaks, so that a medical officer may know that he has behind him both authority and unanimity of medical opinion.
Dr. J. Lambert (Resident Medical Officer of Wellington College) gave a description of a sudden outbreak of acute poliomyelitis which developed at the extreme end of the Michaelmas Term 1938.
Five cases occurred at the College between December 15 and 22; 16 other boys developed the disease-several in a mild or abortive form-at home after leaving, within the next eleven days; one further case occurred nine days later as a contact of one of this group of cases.
On the whole the cases were reasonably mild, but one death occurred at home. The source of the infection could not definitely be traced. The cases were all confined to boys in the central block of dormitories, and no boy in any outside House, with separate dining rooms, was attacked. The incidence of other diseases during the term was not abnormal in type or degree-apart from a rather greater number of "bilious attacks ".
Poliomyelitis had been epidemic in some degree in the vicinity of the College and surrounding districts during the summer holidays, and precautions were taken for the first three weeks of term in view of this-but no case had been notified in the village for ten weeks before the outbreak. This epidemic was unusual in that it occurred at a season of the year when the normal incidence curve was approaching a minimum throughout the country, and it was even more unusual in that a number of cases developed at home after the dispersal of the school-a feature which has never before occurred in any other public school outbreak. As far as is at present known there does not appear to have resulted any further spread from these home cases, except in one case in which a brother was infected. All parents were notified by circular of the occurrence of the outbreak and of its progress: three weeks' quarantine was advised. The College authorities acted in consultation with the Local Medical Officer of Health and an Inspector from the Ministry of Health in the investigation of the epidemic and the taking of all the necessary measures for dealing with the outbreak.
Dr. R. P. Gammie: An outbreak of four cases of poliomyelitis was described in a boarding school of 185 boys in East Hertfordshire. Attending the school in addition were 98 boys, coming from homes over a fairly wide area. During the autumn term of 1938 the weather was mild and there was an undue prevalence of stuffy head colds-largely afebrile. On November 13 a boy in one of the houses, who had been a victim of one of these colds, complained of stiffness in one leg. Examination revealed definite weakness of the muscles and a provisional diagnosis of poliomyelitis was made, and this was later confirmed by lumbar puncture. On November 16 a second boy in the same house developed a temperature with headache and stiffness in the neck but, although lumbar puncture confirmed a diagnosis of poliomyelitis, no paralysis was present then or subsequently. On the same day a maid in the affected house, who had gone home on November 13, was diagnosed as poliomyelitis by her home doctor, who had been informed of the association. Immediately the first case was diagnosed everyone in the affected house was completely isolated, and parents were advised-with the approval of the Ministry of Health-that they should not remove 33 Section of Epidemiology and State Medicine 431 their boys, although no obstacle was placed in their way if they wished to do so. When the two further cases developed, the onus of decision as to whether they should remove the children was placed on them, and all but two (6 0%) in the affected house did so, and roughly 15-20% in the rest of the school. Arrangements were made for the complete isolation of all day boys, a large number of whom continued at school in a separate building throughout. On 23.11.38 a boy in another house developed acute polio-encephalitis, which proved fatal in thirty-six hours from the onset. This boy was in contact in a school society with Case 1 on 12.11.38 and sat next to Case 2 in the choir on 13.11.38. When the fourth case developed only 15 boys were left in the school out of a total of 214 boarders, and on the advice of the County M.O.H. the school was closed on December 5 on the expiry of the period of quarantine. Although this town is on the fringe of the area covered by the recent Essex outbreak, only one mild case in an infant under school age had been reported in the town on September 26. No cases developed amongst the day boys or in the town as a spread from the College, and no further cases were reported in boarders who had gone home. Parents were advised regarding transport and isolation at home and, in the main, co-operated loyally. It was impossible to determine the source of the outbreak. One point arose with regard to the removal of boys in the first instance, where several home doctors advised parents to leave their boys at school, as they (the doctors) had never seen a case of early poliomyelitis, and were quite certain that the school medical officer was more likely to spot an early case than they were ! Dr. F. E. Camps, of Chelmsford, was called in in consultation in each case.
Dr. Reginald Miller said he wished to deal only with the advice to be given to parents who had the misfortune to have children at infected residential schools, and that he did not approach the subject as an epidemiologist or school doctor, but as a paediatric physician who was consulted by parents in this predicament. He thought that those in authority should be perfectly clear on the point that there was no question of giving parents " opportunities " or " permission " to remove their children from an infected school: the real position was that parents had an absolute right to remove their children without notice at any moment. He admired the letters sent by Dr. Barber for the reason that they candidly and quite truly acknowledged that in the event of further cases in the school the danger to the child would be to some extent increased by keeping it at school. This must certainly be the case where, as might happen, the disease appeared in repeated crops. This possibility no one could foretell, but should it occur, clearly the resident pupils would be subjected to renewed dangers of infection and repeated quarantines, whereas the children who were removed to their homes as soon as the epidemic nature of the disease was manifest escaped with one possibility of infection and one period of quarantine. In the case of the well to do, with a very few hours' notice, it is possible to arrange that the child brought home should be isolated from those under 25 years of age for two or three weeks. In Dr. Miller's experience it was the medical parents who were most frightened by the appearance of poliomyelitis in their children's schools; and no doubt, however carefully the lay public may be educated, the more they know of the disease the more anxious they will become. He hoped, therefore, that there would no longer be pressure put upon parents by public health or school authorities to keep their children at an infected residential school, where they could not be isolated, but at the best only segregated. In many instances schools had been disbanded on the appearance of the disease and, so far as children's physicians were aware, no harm had come of it. Poliomyelitis is a notifiable disease and, therefore, the public health authorities must know whether or not further epidemics of the disease had been set up by the disbandment of infected schools, and it is urgently necessary that they shouldl no longer maintain silence in this matter.
Proceedings of the Royal Society of Medicine
Dr. H. M. Raven (Broadstairs) stated that he was less interested in the question of handling the school problem than in the question of the mode of infection, and would like to see more particular investigation of what was implied by " carriers The Essex epidemic was not only a school problem but a county one. The Broadstairs epidemic was not -an infection of certain schools and Homes only, but cases were scattered all over the town, generally in single units in better-class houses. The army of " carriers " with droplet infection envisaged by the late Dr. James Collier was, he thought, rather fantastic, nor could themilk be entirely blamed, as was pressed by an American observer, for other schools and Homes using the same milk were not attacked. Dr. Raven could not free his mind from the probability that the infection came through fruit, most probably apples, at Broadstairs. This would account for the scattered units of infection, and. there was no doubt about the swarm of flies which was very obvious at the time of the Broadstairs epidemic. He wished Dr. Barber had expanded the suggestion that the Essex epidemic might have been spread through strawberry pickers. This fruit, was, at any rate, one source through which the virus may well have been carried from the nasopharynx of a picker, via flies or slugs, to the consumer of the strawberries; of course, only the surface of certain of the top berries would be infected. This was the line on which he thought more work might well be done: the more exact details of the " carrier" problem, as regards milk, fruit, and other foods.
Dr. M. Mitman said that the control of poliomyelitis in schools could not be divorced from the problem among the general population. He showed tables comparing the relative incidence of poliomyelitis and polio-encephalitis in England and Wales and in London during the last decade; and an analysis of the London figures in age-groups. The ratio of poliomyelitis to polio-encephalitis was 14 to 1 in children 0-1 year, 25 to 1 in children 1-5 years, and thereafter declined to 8-1 in young adults.
The portal of entry of the virus was of particular interest from two aspects. If infection was invariably due to inhalation, control would be much more difficult than if ingestion was responsible. The experimental work on monkeys and the presence of the virus in the nasopharynx of patients was strong presumptive evidence that inhalation was a common mode of infection; but the recovery of the virus from the fa3ces indicated that the alimentarv canal might be the portal in some cases. The possibility should be considered that polio-encephalitis was more likely to follow an inhalation infection and poliomyelitis an ingestion infection. If inhalation was the invariable mode of infection, and if the spread was always neural, it was difficult to understand why the virus from the nasopharynx affected the lower spinal cord first, and later involved higher parts of the nervous system along which the virus had previously passed without apparent effect.
Dr. F. E. Camps mentioned the fact that during the Essex outbreak there appeared to be a definite association between the amount of exercise taken during the acute stage of the disease andthe amount of paralysis which ensued. He described a series of cases which had occurred following an epidemic in a public school, commencing with maids who had made the beds of the boys and from them to their brothers and sisters at home and thence to a visitor to the next-door cottage who developed the disease after returning home and who had apparently infected his two small cousins who lived some distance away and with whom he had played. He suggested that there seemed to be a large number of interpretations of the definition of an abortive case; that of Paul would seem to be the most reasonable, namely: " An acute febrile episode with vomiting, headache, and sore throat, which frequently lasts only twentyfour or thirty-six hours, but is liable to leave the child feeling below par for several days." He described some cases of this type he had seen and suggested that they were possibly one of the chief sources of infection.
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